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IncRNA PTAR promotes NSCLC cell proliferation,
migration and invasion by sponging microRNA-101
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Abstract. MicroRNA (miR)-101 copy loss is an early event
in the development of human lung cancer, and it occurs in
29% of all lung cancer incidences. In addition, miR-101
expression in non-small cell lung cancer (NSCLC) is known
to be downregulated. The aim of the present study was to
explore the roles and mechanisms of the long non-coding
(Inc)-RNA pro-transition associated RNA (PTAR) on NSCLC
cell proliferation, migration and invasion in association with
miR-101. Reverse transcription-quantitative PCR analysis
was performed to detect the expression of IncRNA PTAR
in 30 paired human NSCLC tissues and the corresponding
para-tumor tissues. PTAR was amplified and cloned into the
expression vector pPCDNA3.1. Then, PTAR-overexpression
plasmids or small interfering (si)-RNA-PTAR was transfected
into A549 cells for 48 h, after which cell proliferation and the
cell cycle distribution were evaluated. In addition, Transwell
chamber and cell scratch-wound assays were conducted to
analyze A549 cell migration and invasion. A luciferase activity
assay was evaluated to determine the interaction between
PTAR and miR-101. Furthermore, our results demonstrated
that in human NSCLC tissues and cell lines, IncRNA PTAR
expression was upregulated compared with normal lung tissues
and cell lines, respectively. Additionally, PTAR transfection
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was observed to promote A549 cell proliferation, migration and
invasion; opposing effects were observed with siRNA-PTAR
transfection. The luciferase activity assay revealed that PTAR
could act as a sponge to bind miR-101. Thus, miR-101 plays a
role in NSCLC tumorigenesis and progression. In conclusion,
IncRNA PTAR was proposed to promote NSCLC cell growth
through sponging and inactivating miR-101, which may be a
possible mechanism underlying miR-101 copy loss in human
NSCLC.

Introduction

According to the global cancer statistics in 2018, lung cancer
is the most frequently diagnosed and the major cause of
cancer-associated mortality in all cancer cases (1). Non-small
cell lung cancer (NSCLC), with a 5-year survival rate of <19%
at tumor-node-metastasis stages III or IV, accounts for ~80%
of total lung cancer incidents (2).

Numerous microRNAs (miRNAs/miRs) exhibit aberrant
expression in cancer, and function as oncogenes or tumor
suppressors (3). miR-101 has two copies in the human genome,
1p31.3 (miR-101-1) and 9p24.1 (miR-101-2), and its expression
is usually downregulated in various types of cancers, including
bladder, liver, lung, gastric and prostate cancers (4-9). In human
lung cancer, Thu et al (10) reported that ~29% lung cancer
cases exhibit miR-101 copy loss, and that 90% of detected lung
cancer cell lines possess the genomic loss of miR-101. These
results indicate that the absence of miR-101 may serve an
essential role in lung tumorigenesis and cancer development;
therefore, similar approaches that suppress miR-101 function
may also promote lung cancer progression.

Long non-coding RNAs (IncRNAs) are a type of
non-coding RNA of 200 nucleotides in length that are mainly
generated from gene introns, intergenic regions, promoter
regions of coding mRNA, antisense strands of mRNAs and
pseudogenes (11). The mature form of IncRNA has a similar
structure to mRNA, including 5' capping and 3'polyadenylation,
but IncRNAs are not generally translated (12,13). Previous
studies have demonstrated that the sponging of miRNAs is
one of the critical regulatory functions of IncRNAs that act as
competitive RNAs (14-16). Additionally, it has been reported
that the regulation of miRNAs mediated by IncRNAs is
involved in tumorigenesis and progression. For instance, the
IncRNA nuclear paraspeckle assembly transcript 1 acts as a
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miR-193a-3p sponge to modulate the miR-193a-3p/KRAS
pathway in colorectal cancer (17); IncRNA prostate cancer
associated transcript-1 can promote NSCLC progression
through competitively binding miR-149-5p and regulating the
miR-149-5p/LRIG?2 axis (18). In addition, IncATB serves as a
molecular sponge to suppress interactions between miR-200b
and Kindlin-2 in esophageal squamous cell carcinoma (19).
LncRNAs have been suggested to have potential application
in the diagnosis, prognosis and could serve as therapeutic
targets of NSCLC (20); however, the roles and mechanisms of
IncRNAs in cancer require further investigation.

Pro-transition associated RNA (PTAR; AP000695.4) is a
novel IncRNA (21). The aim of the present study was to explore
the roles and mechanisms of IncRNA PTAR in human NSCLC.
The results indicated that IncRNA PTAR is upregulated in
human NSCLC tissues than in the corresponding para-tumor
tissues, and that it can accelerate tumor cell proliferation,
migration and invasion in vitro. The effects of IncRNA PTAR
and miR-101 were examined by a luciferase activity assay in
293T cells, which indicated that IncRNA PTAR serves as a
tumor promoter by regulating miR-101.

Materials and methods

Tissues and cell lines. A total of 30 paired human NSCLC
tissues and the corresponding para-tumor specimens were
collected from patients (18 males and 12 females; average age,
48.4 years) in the Qingdao Municipal Hospital between May
2017 and January 2018. The human lung adenocarcinoma cell
line A549, human lung squamous carcinoma cell line 95D
and human normal lung epithelial cell line DEAS-2B were
obtained from Land Biology Co., Ltd. 293T was maintained in
our lab. Tissue specimens and cell lines were frozen in liquid
nitrogen until subsequent use. All patients provided written
consent prior to the study; the present study was approved by
the Institutional Ethics Committee of the Qingdao Municipal
Hospital.

Cell culture and transfection. All cells were cultured
in Dulbecco's Modified Eagle's medium (Hyclone; GE
Healthcare) supplemented with 10% fetal bovine serum
(Hyclone; GE Healthcare) and 100 U/ml penicillin/strepto-
mycin (Hyclone; GE Healthcare). Phosphate-buffered saline
(PBS; Hyclone; GE Healthcare) solution was used for washing
cells before dissociation and diluting cells for counting. Cells
were maintained in a saturated and humidified 37°C incubator
containing 5% CO,. Before transfection, A549 cells were
sub-cultured in multiple-well plates (Corning Incorporated)
at ~80% confluence. RNAs (30 nM) or plasmids (1.5 ug per
well) were transfected into cells using Lipofectamine 2000®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) following
the manufacturer's instructions. A549 cells were subjected to
following experiments 48 h after transfection. IncRNA PTAR
was amplified from the cDNA library from 293T cells and
cloned into a pCDNA3.1 vector (Invitrogen; Thermo Fisher
Scientific, Inc.). The sequences of the primers to amplify
IncRNA PTAR were the following: Forward 5'-ACAGAT
GTAAACCAACCAGA-3' and reverse 5-ATGCTACTGGAG
ACTTTAGG-3". The PCR was performed using the 2X SYBR
Green qPCR SuperMix (Takara Bio, Inc.). The thermocycling
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condition were the following: Incubation at 50°C for 2 min,
followed by an incubation at 95°C for 2 min, followed by
40 cycles of 95°C for 15 sec, 60°C for 32 sec.

PTAR small interfering (si)-RNA was synthesized by
Sigma-Aldrich (Merck KGaA). miR-101 mimics and miR-101
inhibitor were obtained commercially from Guangzhou
RiboBio Co., Ltd. Meanwhile, siRNA negative control,
miRNA mimics and miRNA inhibitor were used as transfec-
tion control. The sequences of oligonucleotides used were as
follows: miR-101 mimics, 5-UACAGUACUGUGAUAACU
GAA-3"; miRNA mimics control, 5-UUUGUACUACAC
AAAAGUACUG-3'; miR-101 inhibitor, 5'-UUCAGUUAU
CACAGUACUGUA-3"; miRNA inhibitor control, 5'-UCA
CAACCUCCUAGAAAGAGUAGA-3".

Reverse transcription-quantitative PCR (RT-gPCR) analysis.
The total RNA of lung tissues and cell lines were extracted
using TRIzol reagent (Thermo Fisher Scientific, Inc.). RQ1
RNase-free DNase (Promega Corporation) was mixed with
total RNAs for genomic DNA digestion, then extracted with
16.6% (v/v) chloroform and 50% (v/v) precipitated with isopro-
panol. The purity and concentration of total RNA was measured
using a BioPhotometer plus spectrophotometer (Eppendorf).
Total RNA (1 ug) was reverse transcribed into cDNA using
the ImProm-II™ Reverse Transcription System kit (Promega
Corporation) according to the manufacturer's protocol. Then,
gPCR was performed using SYBR® GREEN gPCR Super
Mix (Invitrogen; Thermo Fisher Scientific, Inc.) and the 7500
Sequence Detection System (Applied Biosystems; Thermo
Fisher Scientific, Inc.). Briefly, a total volume of 20 ul reaction
system, including 5 ul cDNA (1:20), 0.5 ul forward primer,
0.5 ul reverse primer, 10 ul 2X SYBR GREEN gPCR Super
Mix and 4 pl ddH,O were mixed. The PCR thermocycling
conditions were as follows: Initial denaturation at 95°C for
2 min, followed by 40 cycles of 95°C for 15 sec and 60°C for
32 sec. GAPDH was regarded as the internal control for PTAR
expression normalization. Relative expression of PTAR was
evaluated using the 2224 method (22). The primers used were
as follows: PTAR forward, 5-ACAGATGTAAACCAACCA
GA-3' and reverse, 5-ATGCTACTGGAGACTTTAGG-3"; and
GAPDH forward, 5-GGGAAACTGTGGCGTGAT-3' and
reverse, 5'-GAGTGGGTGTCGCTGTTGA-3'. Experiments
for each group were repeated in triplicate.

Cell proliferation assay. A549 cell proliferation assay was
evaluated using Cell Counting Kit (CCK)-8 reagent (Beyotime
Institute of Biotechnology). A total of 1x10* cells were
seeded into each well of a 96-well plate supplemented with
100 1 DMEM (Invitrogen; Thermo Fisher Scientific, Inc.)
containing 10% FBS (Hyclone; GE Healthcare). Following
12 h, PTAR expression plasmids and si-PTAR were respec-
tively transfected into cells. Cell proliferation was detected in
the following 4 days. Briefly, 10 ul CCK-8 solution was applied
to each well, and the plate was incubated at 37°C for 4 h. Then,
after 0, 1, 2, 3 and 4 days, the cells were subjected to deter-
mine the absorbance at 450 nm by using a Multiscan MK3
microplate reader (Thermo Fisher Scientific, Inc.).

Cell cycle assay. A cell cycle assay was performed using a Cell
Cycle Detection kit (Nanjing KeyGen Biotech Co., Ltd.). At



4170

48 h after transfection, 1x10° cells were digested and collected.
The cells were washed with pre-cooled PBS twice and fixed
with 70% ethanol at 4°C overnight. Then, the ethanol was
removed and cells were washed with PBS and suspended in
0.5 ml PBS containing 50 pg/ml propidium iodide, 100 pg/ml
RNase A and 0.2% Triton X-100, and incubated in the dark
at 4°C for 30 min. Finally, the cells were subjected to cell
cycle analysis with a BD caliber flow cytometer using ModFit
software version 3.2 (BD Biosciences).

Cell migration and invasion assay. Cell migration and inva-
sion were analyzed using Transwell chambers with 8 ym
pore size membrane inserts (BD Falcon™; BD Biosciences).
At 48 h after transfection, A549 cells were subjected to cell
migration detection. Briefly, 1x10° cells were seeded into the
upper chamber supplemented with 100 y1 serum-free medium,
while 600 ul complete medium was added to the lower
chamber as the inducer. Following 48 h of incubation with 5%
CO, at 37°C, non-migrated cells in the upper chamber were
removed using a cotton swab, while migrated cells in the lower
chamber were fixed with 4% paraformaldehyde for 20 min at
room temperature, then washed with PBS, and stained with
0.1% crystal violet for 10 min at room temperature. Finally,
the cells were washed with PBS and counted using an inverted
microscope (Olympus Corporation; magnification, x100) with
the image processing program, ImagelJ software version 1.8
(National Institute of Health). Images of six random fields of
view were captured for each group to analyze. For cell invasion
analysis, the procedures were the same as those performed for
the cell migration assay, except the membranes were coated
with 40 p1 Matrigel and incubated at 37°C for 2 h. Experiments
for each group were repeated in triplicate.

Cell scratch-wound assay. On the reverse side of 6-well
plates 10 horizontal straight lines were drawn with a marker
pen. A total 50 ul fibronectin (10 yg/ml) was added to each
well of 6-well plates, and the plates were incubated at 4°C
overnight. Then, 1x10% A549 cells were seeded into each
well supplemented with 2 ml complete medium. At 12 h after
incubation with 5% CO, at 37°C, PTAR expression plasmids
and si-PTAR were transfected into cells, respectively. At 4 h
after transfection, cells were treated with mitomycin (20 yM;
Roche Diagnostics) for 1 h, then a 10 pl pipette tip was used to
create scratch wounds that were perpendicular to the marker
lines. The cells were washed with PBS twice to remove the cell
debris. Scratch-wound healing was then observed and images
of eight random views were captured at 0, 24 and 48 h. The
width of the wound was determined using Image Pro-Plus 6.0
software (Media Cybernetics, Inc.). The ratio of wound healing
was represented as [width (at O h)-width (at 24 or 48 h)]/width
(at 0 h). Experiments for each group were repeated in triplicate.

Western blotting. Cells were lysed with pre-cooled RIPA
lysis buffer supplemented with a cocktail of proteases
inhibitors (both from Sigma-Aldrich; Merck KGaA). Total
protein concentration was detected using a bicinchoninic
acid protein assay kit (Nanjing KeyGen Biotech Co., Ltd.).
Total proteins (10 pxg) were mixed with 5X SDS-PAGE
loading buffer and heated at 100°C for 5 min, then, proteins
were separated by 4-12% SDS-PAGE. Proteins were
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Figure 1. Long non-coding RNA PTAR expression in human NSCLC tissues
and cell lines. (A) Levels of PTAR in 30 paired human NSCLC tumor and
homologous para-tumor normal tissues specimens by RT-qPCR analysis.
(B) PTAR expression in lung adenocarcinoma (A549), lung squamous
cell carcinoma (95D), and lung normal epithelial (DEAS-2B) cell lines
by RT-qPCR analysis. "P<0.05 vs. DEAS-2B cells, “P<0.05 vs. 95D cells.
PTAR, pro-transition associated RNA; NSCLC, non-small cell lung cancer;
RT-qPCR, reverse transcription-quantitative PCR.

transferred onto 0.45-ym-thick PVDF membranes (EMD
Millipore) at 4°C for 2 h. After blocking with 5% non-fat
milk for 1 h at room temperature, the PVDF membranes
were incubated with primary antibodies at 4°C overnight
and horseradish peroxidase (HRP)-conjugated secondary
antibodies at 37°C for 1 h. Protein bands were visualized
using Immobilon Western Chemilum HRP substrate (EMD
Millipore). The primary antibodies used were anti-GAPDH
(1:10,000; KangChen Bio-tech Co., Ltd.), anti-Cyclin DI
(1:500; Abcam), anti-ZEB1 (1:500; Abcam), anti-Vimentin
(1:1,000; Abcam) and anti-E-cadherin (1:2,000; Abcam).
The secondary antibody used was HRP-conjugated Goat
Anti-Rabbit IgG (1:20,000; SouthernBiotech).

miRNA-IncRNA interactions and luciferase activity assay.
The miRNA-IncRNA interactions were predicted using a
public database (http://www.medsysbio.org/EMTRegulome).
Luciferase activity assay was conducted using in 293T cells
with a Dual-Luciferase Reporter Assay System (Promega
Corporation) according to the instructions. Wild and mutant
type Inc-RNA PTAR were cloned into psi-CHECK?2 vector
(Promega Corporation). Wild-type (wt)-PTAR-psi-CHECK?2
and mutant (Mut)-PTAR-psi-CHECK?2 were respectively
co-transfected with miR-101 mimics or miR-101 inhibitor. At
48 h after transfection, cells were washed with PBS and lysed
with 100 pl passive lysis buffer, included in the kit (Promega
Corporation). Firefly luciferase activity was normalized to
Renilla luciferase activity. Luciferase activity was measured
using a GloMax 20/20 (Promega Corporation) detector
following the manufacturer's instructions. Experiments for
each group were repeated in triplicate.

Statistical analysis. Data analysis and the production of
figures were conducted using Origin 8.5 software (OriginLab).
All statistical data were presented as the mean + standard
deviation. Paired or independent samples t-tests were used
to evaluate statistically significant differences between two
groups. Difference among three groups were calculated by
one-way analysis of variance followed by a Turkey's post-hoc
test. P<0.05 was considered to indicate a statistically significant
difference.



YU et al: PTAR PROMOTES NSCLC CELL GROWTH BY SPONGING miR-101

B

>
by
o

4171

O

* NC PTAR siPTAR —=—Blank *
€ o x . S! o 209 |-+ pCDNA3. 3
7 Cyclin D1 m————— s —— si-control
g 30 ] « PTAR
€25 ZEB! . - — SE 151 [-s-PTAR /
& 201 E-cadherin - - 23
B = <
o 154 NS cn 1.0
2,0 NS Vimentin A—— O O
4 | =
£ 03] £ OAPDH [ —— & 05
00{| || B
¥ - 3 T < Day0 Day1 Day2 Day3 Day4
= < kS = =
@ Z 3 o a
o 2 @
(] w
[=%
D i 24 |
g £ 8 o] g
1 (=5 =21
3 GO/G1: 44.05% & GO/G1: 45.59% o w1 G1: o GO/G1: 59.38%
H § $:48.83% 3 = Y g&?;é:,f'?s " Bgi S 58 5:26.00%
£ §§ GoM:7.11%  § g8 G2M:1147% g comacms 5% comasen  Eg CoIM14.62%
=z 23 =z 1 = @ z | z=
o [=T - 21
E ] 8 ol g
o ol - IS I

30 60 90 120 0 20 40 60 80

1] 100 120 0 a0
Channels (FL2-A) Channels (FL2-A)
Blank pCDNA3.1

} .
80 90 120 150 O 30 80 90
Channels (FL2-A)
si-control

20 40 60 80 100 120
Channels (FL2-A)

si-PTAR

=
120 ]
Channels (FL2-A)
PTAR

Figure 2. Effects of long non-coding RNA PTAR on A549 cell growth. (A) Expression of PTAR on A549 cells transfected with PTAR-overexpression plasmids
and si-PTAR as determined by reverse transcription-quantitative PCR analysis. "P<0.05 vs. pPCDNA3.1 group. “P<0.05 vs. si-control group. (B) Western blot
analysis of Cyclin D1, ZEBI1, E-cadherin and Vimentin protein expression in A549 cells transfected with PTAR-overexpression plasmids or si-PTAR. (C) Cell
Counting Kit-8 analysis for the proliferation of A549 cells transfected with PTAR-overexpression plasmids or si-PTAR. “P<0.05 vs. pPCDNA3.1 group. (D) Cell
cycle analysis in A549 cells transfected with PTAR expression plasmids and PTAR siRNA. PTAR, pro-transition associated RNA; si, small interfering RNA;
NC, negative control; N.S. indicates no significance compared with blank group. ZEBI, zinc finger E-box binding homeobox 1.

Results

PTAR expression is upregulated in human NSCLC tissues and
cell lines. First, the present study determined the expression
of IncRNA PTAR in NSCLC tissues and cell lines, and the
results revealed that the expression of PTAR in NSCLC tumor
tissue samples was significantly increased when compared
with homologous para-tumor samples (Fig. 1A). In addition,
the levels of PTAR expression were significantly increased
in the A549 (lung adenocarcinoma) and 95D (squamous cell
lung carcinoma) cell lines than in the human normal lung
epithelial cells (DEAS-2B; Fig. 1B). Overall, PTAR expres-
sion was determined to be upregulated in human NSCLC
tissues and cell lines.

PTAR promotes NSCLC cell proliferation. To further inves-
tigate the effects of PTAR in NSCLC, the present study
transfected PTAR expression plasmids and si-PTAR into A549
cells. The transfection of a PTAR-overexpression plasmid and
si-PTAR led to significant increases and decreases in PTAR
expression, compared with the respective control (Fig. 2A).
Additionally, the role of PTAR expression in A549 cell
proliferation and protein expression was assessed. The results
indicated that overexpression of PTAR promoted Cyclin D1
expression and tumor cell proliferation; opposing findings
were reported in response to transfection with si-PTAR
(Fig. 2B and C). Cell cycle analysis demonstrated that when
compared with the blank and control groups, the ectopic
expression of PTAR markedly increased the number of cells
in S phase of the cell cycle; si-PTAR transfection arrested
tumor cells at the GO/G1 and G2/M phases (Fig. 2D). All
of these findings indicated that PTAR can promote NSCLC
tumor cell proliferation.

PTAR promotes NSCLC cell migration and invasion.
Transwell chamber based-cell migration and invasion assays
were performed with transfected A549 cells. As shown in
Fig. 3, PTAR overexpression significantly increased tumor cell
migration and invasion compared with the blank or control
groups. Furthermore, knockdown of PTAR significantly
decreased A549 cell migration and invasion compared with
the corresponding controls. In addition, PTAR-overexpression
plasmid or si-PTAR transfection affected the expression
of migration and invasion related proteins, such as ZEBI,
E-cadherin and Vimentin. Overexpression of PTAR could
promote the expression levels of Cyclin D1, ZEB1 and
Vimentin, inhibiting the levels of E-cadherin in A549 cells.
By contrast, knockdown of PTAR by si-PTAR suppressed
the expression level of Cyclin D1, ZEB1 and Vimentin
expression, and increased E-cadherin levels (Fig. 2B). A
cell scratch-wound assay was also performed to continu-
ously analyze tumor cell migration after transfection for
48 h. Similarly, the results indicated that PTAR significantly
promoted scratch-wound healing rate at 48 h after transfec-
tion compared with the respective control (Fig. 4). Our results
indicated that PTAR can effectively promote NSCLC cell
migration and invasion.

PTAR can act as a sponge to bind to miR-101. Subsequent
analysis revealed there was a predicted combination of PTAR
and miR-101. To confirm this, a luciferase activity assay was
performed in 293T cells. Wt PTAR and Mut PTAR, containing
a mutant fragment within the miR-101 predicted binding
region, were constructed and cloned into the psi-CHECK?2
luciferase reporter vector (Fig. 5A). Transfection with
miR-101 mimics and inhibitor could effectively promote and
inhibit the expression of miR-101 in 293T cells, respectively
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Figure 3. Transwell assay to detect the effects of long non-coding RNA PTAR on A549 cell migration and invasion. (A and B) The number of migrated and
invaded cells were counted following transfection with PTAR-overexpression plasmid or si-PTAR into A549 cells using Transwell chambers. "P<0.05 vs.
pCDNA3.1 group. “P<0.05 vs. si-control group. Scale bar, 100 gm. N.S. indicates no significance compared with blank group. PTAR, pro-transition associated
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Figure 4. Scratch-wound healing assay to evaluate cell migration at 48 h after transfection. (A) Images of scratch-wound healing respectively at 0,24 and 48 h
following transfection of PTAR-overexpression plasmid or si-PTAR. (B) Ratio of wound healing was represented as [width (at O h)-width (at 24 or 48 h)]/width
(at 0 h). Scale bar, 100 gm. "P<0.05 vs. pCDNA3.1. “P<0.05 vs. si-control group. PTAR, pro-transition associated RNA; si, small interfering RNA.

(Fig. 5B). Then, miR-101 mimics and miR-101 inhibitor were
co-transfected with Wt or Mut PTAR psi-CHECK?2 vectors.
The results demonstrated that in the wt-PTAR-psi-CHECK2
transfection groups, miR-101 ectopic expression significantly
decreased the luciferase activity, while miR-101 inhibitor
transfection increased luciferase activity compared with the
corresponding controls. However, following transfection
with mut-PTAR-psi-CHECK2, no significant difference was
observed in the miR-101 mimics or the miR-101 inhibitor
co-transfected groups (Fig. 5C).

Discussion

miR-101 expression is commonly downregulated in human
cancers (4-9). The absence of miR-101 genomic copies
occurs in ~40-80% of NSCLC cases, which is more frequent
than that of SCLC, and the levels of miR-101 in NSCLC
tend to be reduced (10). This difference in the expression of
miR-101 induces the overexpression of downstream proteins

in cancer (6,23,24). miR-101 suppression by the genomic loss
of miR-101 has been reported to trigger the upregulation of
enhancer of zeste homolog 2 (a histone methyltransferase)
in a 3'-untranslated region (UTR)-regulatory manner, and
promote lung cancer cell proliferation and invasion (6,23,24).
Yan et al (25) reported that the restoration of miR-101 in
lung cancer can suppress tumorigenesis via the regula-
tion of DNA methyltransferase 3a 3'UTR. Notably, other
modulatory approaches that inactivate miR-101 also exhibit
pro-tumorigenic properties. Wan et al (26) have reported that
protein patched homolog 1 3'UTR serves as an RNA sponge
to inhibit the suppressive effects of miR-101 on the target
gene SLC3916, and promotes NSCLC migration and inva-
sion. Wang et al (27) demonstrated that IncRNA MALATI
acts as a sponge to bind to miR-101, and inhibits the binding
of miR-101 with the target gene, myeloid cell leukemia 1,
to increase lung tumor cell drug-resistance. Thus, the
suppression of miR-101 in lung cancer may serve a role in
tumorigenesis.
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Figure 5. Luciferase reporter assay to confirm the interaction between PTAR and miR-101. (A) Wt-PTAR and mut-PTAR, containing a mutant fragment
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cells was determined. "P<0.05 vs. mimics control; “P<0.05 vs. inhibitor control Wt, wild type; N.S. indicates no significance; PTAR, pro-transition associated
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PTAR, a novel ceRNA, has been reported to accelerate
epithelial-to-mesenchymal transition (EMT) and metastasis
by competitively binding miR-101 in ovarian cancer (21).
However, the roles of PTAR and its underlying mechanisms in
other types of cancer remain unclear. Accumulating evidence
has indicated that miR-101 acts as a tumor suppressor factor
in human lung cancer (28-30). Therefore, it is necessary to
investigate the potential functions of PTAR via miR-101 in
human lung cancer.

In present study, the levels of IncRNA PTAR were
upregulated in NSCLC tissues, as well as in lung
adenocarcinoma and lung squamous cell carcinoma
cell lines. Knockdown of PTAR by siRNA significantly
suppressed the proliferation, migration and invasion of
A549 cells, and the opposite phenotype was reported
with the ectopic expression of PTAR. It was hypothesized
that these pro-tumorigenic effects may be associated
with miR-101. The present study further confirmed the
interaction between PTAR with miR-101 by a luciferase
reporter assay, and concluded that the promoting effects
on lung tumorigenesis may occur through the sponging
of miR-101 via PTAR; however, further investigation is
required to determine the mechanism underlying miR-101
copy loss in human NSCLC.
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